SYNOPSIS. The nervous sjstem in the hydranth of Cordylophora was stained by a modified Peters' silver method. Nerve elements are found onl) in the ectoderm, where the) form a dense plexus, oriented mainly longitudinally. The majoriu of the nerve cells, whether lying deep in the ectoderm or near the surface, carry a short hair, presumably sensory. These findings are compared to earlier reports on this and other hydroids. There is no clear division into nerve cells and sensory cells, as is claimed in the case of Hydra. The relative abundance of neurons having 1. 2, 3, and 4 fibers is 8, 70, 17, and 5% respectively. The length of most fibers is 100-200 M .
Since the discovery of a nervous system in Eudendrium by Jickeli in 1883 (Schneider, 1890), there have been numerous studies on the nerves in hydroids, most of which have been on Hydra itself (e.g., Schneider, 1890; Hadzi, 1909; Semal-Van Gansen, 1952) . The first attempts of electron microscopists to identify nerve cells in Hydra were, however, unsuccessful, and doubts were even expressed about the existence of nerve elements in this form (Slautterback and Fawcett, 1959; Hess, 1961) . At the same time, light microscopists continued to reaffirm the existence of nerves' in Hydra (e.g., Spangenberg and Ham, 1960; Mackie, 1961) , and some progress has also been made now with the electron microscope (Lentz, 3963; Lentz and Barrnett, 1965) towards characterization of the nerve elements. In some ways Hydra is one of the least suitable hydroids for neuro-histological study, for its body wall is histologically very complex. Cordylophora is more suitable for optical microscopy of the nervous system, as Mackie showed, and it is easy to keep in the laboratory (Fulton, I960, 1962) . The present study attempts to give a fairly detailed description of the nerve elements in Cordylophora as seen in silver impregnations. This is preparatory to studies now in progress, using the electron microscope on silver-stained material, in which the nerves are known to be selectively impregnated, and on conventional osmicfixed material, in order to facilitate identification of the nerves in the latter.
METHODS
Colonies of Cordylophora larustris (Allman) were grown in the C.V.D. mixture as described by Fulton (1960 Fulton ( , 1962 and were fed every clay on freshly hatched Artemia larvae.
Whole mount preparations were made for this study by a slightly modified Peters' method (1955) , and also some stained pieces were embedded in paraffin and sectioned. The whole mount preparations were most useful. Resolution of details in them is good, and all the photographs are based upon them. A. Preparation for staining: 1) Before fixation, the hydranths were fed individually on pieces of thick. Enchytraens albinus. When the body wall was well expanded, the hydranths were cut off and fixed in picroformol (3 parts saturated picric acid : 1 part formaldehyde) overnight (14-18 hours).
2) The hydranths were washed in running water for about 6-8 hours, and the worms were removed from the hydranths during this period.
3) The hydranths were washed in distilled water for half an hour with 2-3 changes.
4) The hydranths were brought to 70% alcohol and stored in it for any longer period only after 3-4 initial changes of alcohol. (They should stay in 70% alcohol for a minimum of 24 hours.) The pieces of well-stretched hydranth wall were cut out with fine scissors at this stage. B. Staining:
1) The pieces (2-3 at a time) were washed in glass distilled water for li/£ to 2 hours with 2-3 changes at \/ 2 hour intervals each.
2) They were transferred to the impreg-
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RAJ K. JIIA nating solution warmed beforehand to 45°C , and were impregnated for 17-18 hours at this temperature. Impregnating solution: 5 drops of 1% AgN T O :i to 100 ml of a solution consisting of 80 ml glass-distilled water and 20 ml borate buffer (M/5 boric acid and M/20 Na borate; pH 8.00).
3) The pieces were rinsed in 2% anhydrous Na 2 SO 3 in glass-distilled water for 5-10 minutes. 4) They were washed in glass-distilled water for ]i/ 2 to 2 hours with 2-3 changes. 5) They were transferred to the freshly made developer at pH 6.3 at room temperature without AgNO 3 for 2-3 minutes and then developed in the developer with 5 drops of 1% AgNOy/lO ml of the developer, until the tissue was dark brown or just black. Developer: equal volumes of Peters' glycine developer stock solution and 0.1 M Na citrate; then 0.1 M citric acid added drop-by-drop until pH 6.3 is reached.
6) The pieces were washed in running water for 15-20 minutes. 7) They were rinsed in distilled water briefly, dehydrated in a graded series of ethyl alcohol, cleared in xylene, and mounted in Canada balsam.
RESULTS
Nervous elements in Cordylophora are regularly seen in the ectodermal layer, but they have never been seen in the endoderm, contrary to what has been described in Hydra by Schneider (1890) and Seinal-Van Gansen (1952) , and in Encopella campanularia by von Lendenfeld (Hadzi, 1909) . Leghissa (1950) saw few sensory cells in the endoderm of Tubularia. Hadzi (1909) found sensory cells in maceration preparations of the endoderm of Hydra, but he seems to have been very dubious about their presence in this layer as he remarks that they may have come from the ectoderm, becoming accidentally mixed-up with the endodermal cells.
In Cordylophora, Morgenstern (1901) and Pauly (1902) demonstrated isolated cells, distinguished b) small nuclei and long processes, located at the base of the ectoderm or in the mesoglea, which they tailed "fi:ui»lieii/ellcii " In Cordylophora the nerve cells are abundant throughout the entire ectoderm of the hydranth and the tentacles, and are fairly uniformly distributed showing no local concentrations in the oral region, as has been described for Hydra by certain of the earlier workers (Hadzi, 1909; Schneider 1890; Marshall, 1923) . McConnell (1932) also illustrates a nerve net with a high concentration of nerves in the hypostome region, but Semal-Van Gansen (1952) believed that the foot was the only region where they were concentrated. According to Spangenberg and Ham (1960) , these variations in results may be due to the variations in the technique used, because with methylene blue nerves stain in some parts first and in others later. No such problem is encountered with the silver techniques used because all the nerve cell bodies and neurites stain at the same time with almost the same intensity. So it appears that concentrations of neurons described in Hydra may be illusory. In any case, there are no comparable concentrations in Cordylophora. This may be related to the fact that in Cordylophora the tentacles are spaced out uniformly over the hydranth, and are not localized in a ring as in Hydra. The question of a concentration in the pedal disc does not arise in Cordylophora.
In the hydranth wall there are usually 4-7 nerve cell bodies per 100 /jr. The number of neurons is comparatively low in the tentacles. This agrees with Samal-Van Gansen's observations (1952) in Hydra. There is a fairly rich supply of nerves in the tentacular bases.
The size and shape of the nerve cells is characteristic and they are easily distinguishable. They are the only tissue elements with long distinct processes running in the interstices between the epitheliomuscular cells. Their nuclei are smaller than those of the epithelio-muscular cells, and are oval or round. Nucleoli may be inconspicuous or absent and the protein bodies which occur within most of the nuclei ol the epithelio-muscular cells (Mackie et al., lf) fil) ha\e never been observed in nerve cell nuclei. The neurons may be mono-, hi-, tii-, tn tetnqxilar (Figs. 2, 1 Via. 1. Camera hicicla drawing showing a typical part of the nene plexus in the h)dranth wall, c, cnidoblast; n, nerve process (netirite); neb, ner\e cell body; ne, ectodermal nucleus; sh, sensory hair; ssh, subepithelial sensory hair. and 5). In the hydranth wall bipolar cells seem to predominate (Fig-1) . T h e actual figures obtained for relative abundance of different types of nerve cells in the hydranth wall are: monopolar 8% bipolar 70% tripolar 17% tetrapolar 5% According to Leghissa (1950) in Tubularia and Semal-Van Gansen (1952) in Hydra, multipolar nerve cells predominate throughout the hydranth; bipolar cells, according to the former author, are especially evident in the proximal tentacles and along the nianubrium running parallel to each other. In Cordylophora bipolar cells were found running in all directions, but the predominant orientation was more or less longitudinal (Fig. 1) .
It seems difficult to distinguish categories of nerve cells in Cordylophora corresponding to those set up for Hydta by various authors. For example, Miyashima (1898) distinguished two types of nerve cells: 1) larger ones which are connected with each other by processes into a plexus-like structure and are called "central nerve cells," and 2) the smaller which are called "peripheral nerve cells."
In Cordylophora there is no such differentiation of nerve cells according to their size or location.
Had/.i (1909) has described three categories: (1) typical nerve cells, (2) neurosensory cells and (.H) typical sensory cells. According to him "typical nerve cells" are located among the bases of the epitheliomuscular cells and lie parallel to the mesoglea. "Typical sensory cells" lie between the cell bodies of the epithclio-muscular cells more or less at right angles to the mesoglea. They have a long and narrow cell body with two basal processes and a fine sensory hair at the free end projecting beyond the surface. "Neurosensory cells" lying at various heights in the epithelium, may or may not reach the outer surface. They may have more than two processes and no sensory hair is described at their free end.
In Cordylophora all the types of nerve cells comparable to those described by Hadzi in Hydra are found, but at the same time there are many nerve cells which show variant characters and many are intermediate between his types, e.g., bipolar cells with a subepithelial sensory hair ( Fig. 2A,  H and Fig. -1A) , monopolar cells with a sensory hair at the tip (Figs. 2K and 5C), cells with long sensory processes with the hair at their tips but with short compact cell bodies and otherwise resembling "typical nerve cells" (F"igs. 2B and 21). Lent/. (1963) , and Lent/, and Barmen (1965) distinguish on grounds of ultrastructural differences at least two types of nerve elements in Hydra, but the criteria employed for distinguishing these types are not clear and convincing. In particular, until serial sections through the nerve cells have been examined it is hard to exclude the possibility that hair-like projections (modified cilia?) ma\ be piesent on many, possibly all, ol the elements, instead of in just one type as Lent/, reports.
One out of 8-10 nerve cells in Cotdylo-
Types of nerve cell bodies, p, process running up to the surface of the epithelium with a short sensory hair (sh) at its tip; ssh, subepithelial sensory hair.
phora has a process running up to the surface with a hair projecting externally (Figs. 2B and 4F). The subepithelial sense hair is a well-defined structure (Figs. 4A, 5A , 5D, 5G) projecting into the surrounding tissue. Mackie (1961) suggested that such cells might be modified sensory elements that have become or are becoming transformed into nerve cells in the strict sense, or that they are functional sensory cells serving to record deep touch or to give position sense. There are also nerve cells which have no sensory hair and might be considered as "typical nerve cells" in Had/i's sense. Hertwig and Hertwig (1878 , 1879 -1880 ) long ago pointed out that the sensory cells of coelenterates do not always reach the surface, and that their cell bodies can be sunk more or less deeply into the epithelium; their peripheral sensory processes need not necessarily project beyond the epithelial surface. Their processes can resemble those of "typical nerve cells" and the two may thus be indistinguishable. The Hertwigs, speculated from the existence <>l such intermediate stages that nerve cells had developed phylogenetically by the sinking in of sensory elements. But according to McConnell (1932) , who has studied development of the nervous system in Hydra buds with methylene blue, both nerve cells and sensory cells arise from interstitial cells; sensory cells, after being differentiated from interstitial cells, reach the ectodermal surface, and develop two processes at the proximal end; the distal end, on reaching the external surface, develops the characteristic sensory hair. This indicates that both nervous and sensory cells are produced alike from interstitial cells lyingdeep in the tissue, and that the sensory cells are those nerve cells which have moved up to the surface. This ontogeny lends no support to the Hertwigs' phylogenetic theory.
All types of nerve cells, whether they have a sensory hair or not, have similar processes which may or may not branch. No classification of processes along the lines of SemalVan Gansen's (1952) scheme for Hydra seems possible in the case of Cordylophora. Moreover no swellings were observed at the free ends of the processes, as described by Hadzi (1909) in his study of vitally stained preparations of Hydra using methylene blue.
The total visible length of neurites originating from one nerve cell averages 100- 
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200 h (cf 1000 ^ in Forskalia- Mackie, 1965) , but since the finest terminal branches are often hard to follow, this estimate may be low. The neurites decrease in thickness distally from the cell body. Though the majority of them in the hydranth and tentacles are orientated more or less in the longitudinal direction (Fig. 3) , a few running circularly can also be seen in the hydranth wall occasionally. With regard to interconnections, nerve cell bodies of one or more types have occasionally been seen lying in pairs close to one another (Fig. 4C, E ), but there is no evidence of fusion. Binucleate nerve cells, described by Mackie (1961) , were not seen. Two or more neurites were frequently seen running parallel to one another, or were twisted together over short or long distances as described by Mackie (1961) in the hypostome region of Hydra (Figs. 1, 4C, G, H) .
Connections of nerve cells with other types of cells are unclear. Sometimes cnidoblasts lie in close contact with the nerve elements (Figs. 1, 5C ), but, as Mackie (1961) found, it is not possible to identify specific nerve terminations on the cnidoblasts such as Spangenberg and Ham (1960) claim for Hydra. Lentz and Barrnett (1965) found nothing comparable to synaptic terminations between neurites and cnidoblasts, in spite of frequent and intimate associations between the two. Earlier, their histochemical studies (Lentz and Barrnett, 1961, 1962) demonstrated sites of cholinestrase activity apparently connecting nerve cells and cnidoblasts, supporting the suggestions, made repeatedly in the past, that the nervous system influences the discharge of the nematocysts.
